SUMMARY Thirteen patients with chronic renal failure and uraemia were investigated by echocardiography preoperatively before and after haemodialysis and again after a successful renal transplantation to evaluate the cardiac changes caused by renal transplantation.
In chronic renal failure the heart and circulation are affected by several pathological conditions. Increased oxygen demand of the tissues, chronic volume overload, and anaemia, in addition to the presence of an artificial arteriovenous fistula, increase cardiac output, leading to left ventricular dilatation and increased cardiac size.'-6 In uraemic patients pronounced left ventricular hypertrophy often occurs principally because of arterial hypertension,6 which is frequently severe and difficult to control adequately. Uraemic changes in tissue metabolism and electrolyte balance may also affect cardiac function, leading to uraemic pericarditisl 7 8 and even possibly to uraemic cardiomyopathy.9 10 Renal transplantation corrects the uraemic metabolic changes and restores the decreased blood haemoglobin concentrations to normal, and often, at least partially, returns the increased blood pressure to normal. Hence restoration of the circulation and cardiac function is expected, and, indeed, cardiac size has been found to decrease," 12 as has left ventricular size and cardiac output.2 In a previous study we invesAccepted for publication 17 July 1981 155 tigated the cardiac effects of haemodialysis,6 and the purpose of the present study was to investigate, by echocardiography, the cardiac changes caused by renal transplantation, especially its effect on left ventricular size and function. We also wanted to investigate the extent to which the changes occurring after renal transplantation could be predicted by the acute cardiac changes seen after haemodialysis. 
Results
In no patients were the left ventricular contractions found to be asymmetric in real-time two dimensional studies. In three patients before, and in one patient after renal transplantation, a slight pericardial effusion was found, which did not seem to disturb cardiac function much.17 Nine of the 10 patients with arterial hypertension before transplantation also needed antihypertensive drugs after operation, though in reduced amounts.
The renal transplantation did not cause significant changes in body weight, diastolic blood pressure, heart rate, left ventricular ejection time, fractional shortening, or mean velocity of left ventricular circumferential muscle fibre shortening compared with the measurements made either before or after haemodialysis treatment (Tables 1 and 2 ).
CHANGES VS MEASUREMENTS MADE BEFORE
HAEMODIALYSIS (Tables 1 and 2 ) As a result of the renal transplantation, the systolic blood pressure decreased by 19-6 + 28-2 mmHg (p < 0-05), the serum potassium concentration decreased by 1-7 + 11 mmol/I (p < 0 001), the serum urea concentration decreased by 21-1 + 7-1 mmoIIl (p < 0-001), and the blood haemoglobin concentration increased by 615 + 33-6 g/l (p < 0.001). In our laboratory the normal range of serum potassium concentrations is 3 5 to 5-3 mmol/l and that of serum urea is 2 5 to 6-0 mmol/l.
The echocardiographic measurements showed the The patients' ages correlated negatively with fractional shortening (r = -0-679, p < 0.05) and mean velocity of left ventricular circumferential muscle fibre shortening (r = -0-632, p <0.05) measured before haemodialysis.
CHANGES VS MEASUREMENTS MADE AFTER
HAEMODIALYSIS (Tables 1 and 2) After renal transplantation, the serum urea concentration decreased by 4-8 + 3. end-diastolic diameter decreased by 4*6 4*4 mm (p < 0-01) (Fig. 2) , left ventricular end-systolic diameter decreased by 3.5 ± 5 2 mm (p < 0O05) (Fig. 2) , and the cardiac index decreased by 1-5 ± 17 /main per m2 (p < 0.01) (Fig. 3) . for possible future complications, both the left ventricular preload and afterload seemed to decrease as a result of operation, and hence changes in the echocardiographic measurements were expected. The mean left ventricular diameter decreased both in systole and diastole, reaching normal values, so that the cardiac index also decreased significantly because of the decreased left ventricular preload. The mean cardiac index, however, still remained high because of the open arteriovenous fistula. The correction of anaemia also resulted in decreased cardiac output because of increased viscosity and improved oxygen carrying capacity of the blood. In spite of the decreased preload and thus decreased Starling's effect, and in spite of the increased blood viscosity, the indices of left ventricular function showed a tendency to increase, though not significantly, which means that the decreasing effect of the reduced left ventricular preload on left ventricular function was compensated for by the decreased afterload and increased ventricular contractility, perhaps because of the mechanical advantage of a smaller heart rather than because of favourable changes in metabolism and electrolyte balance. The changes in left ventricular volumes and function found in the present study are in agreement with the findings of Riley et The left atrial diameter also decreased significantly after renal transplantation and its changes correlated significantly with the changes in left ventricular diastolic volume and mass. In previous studies we found that the left atrial size depended on the degree of left ventricular hypertrophy and therefore also on the decreased left ventricular diastolic compliance.6 20 As the changes in left ventricular mass are dependent on the changes in preload and afterload, both of which have an effect on cardiac output, the correlation between the changes in left ventricular mass and cardiac index was to be expected.
CORRELATIONS BETWEEN CHANGES SEEN AFTER

PREDICTIVE VALUE OF CHANGES CAUSED BY HAEMODIALYSIS
As haemodialysis causes a very acute decrease in left ventricular preload,2 6 18 it was of interest to discover which variables, if any, could predict the cardiac changes caused by renal transplantation. The effect of haemodialysis on left ventricular afterload appears to be less than on preload, because in our previous work haemodialysis caused a significant decrease only in diastolic blood pressure.6 The correlations seen between the changes in body weight or diastolic blood pressure resulting from haemodialysis and the changes caused by renal transplantation were slight and have no obvious explanation. The decrease in water loss and hence body weight after haemodialysis is adjustable and so perhaps greater in patients with more advanced renal disease and hypertension; in these patients, renal transplantation perhaps also causes a more distinct decrease in blood pressure and a subsequent increase in left ventricular function.
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